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A developing apparatus (D) for developing an 
electrostatic latent image includes a movable 
developer carrying member (2) for carrying a 
one component developer (5) to a developing 
zone (7) in which the developer (5) is supplied to 
an electrostatic latent image bearing member 
(1) ; a regulating member (6) for regulating a 
thickness of a layer of the developer to be 
carried to the developing zone (7) on the de- 
veloper carrying member (2) ; wherein the de- 
veloper carrying member (2) includes a coating 
layer (10) comprising a resin arterial in which 
fine graphite particles are disposed, and whe- 
rein this coating layer triboelectrically charges 
the developer, and the triboelectric charging 
capacity of this coating layer (10) is larger in the 
middle region of the developer carrying mem- 
ber (2) than in the end regions in its longitudinal 
direction. 




F i G. I 



a. 

LLI 



Jouve, 18, rue Saint-Denis. 75001 PARIS 




2 



EP 0 516 419 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 92 30 4847 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 

to < " 



CLASSIFICATION OF THE 
APPIJCATION (!■>'- Cl.S ) 



D,A 



PATENT ABSTRACTS OF JAPAN 

vol. 8, no. 171 (P-293)(1608) 8 August 

1984 

& JP-A-59 067 566 ( CANON U.K. ) 17 April 
1984 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 6, no. 34 (P-104)(912) 2 March 1982 
& JP-A-56 151 967 ( CANON K.K. ) 25 
November 1981 

* abstract * 

EP-A-0 339 944 (CANON KABUSHIKI KAISHA) 

* page 5, line 26 - page 8, line 19; 
figures 1-9 * 

& US-A-4 989 044 



1,6-10, 
15 



G03G15/09 



1,9,10, 
15 



1,5-10, 
14,15 



TECHNICAL FIELDS 
SEARCHED (Int. CLS ) 



G03G 



The p result search report has been drawn up for all claims 



Pl«* af scare* 

THE HAGUE 



Date «f coavtcllM •/ tke te«ta 

26 JANUARY 1993 



CIGQJ P.M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : boo- writ tec disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted in the application 
L : document dted for other reasons 

& : member of the same patent family, corresponding 
document 



3 



19 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(Tj) Publication number: 0 516 419 A2 



EUROPEAN PATENT APPLICATION 



(21) Application number : 92304847.4 
(g) Date of filing : 28.05.92 



@ Int. CI 5 : G03G 15/09 



(30) Priority: 29.05.91 JP 153962/91 

(43) Date of publication of application : 
02.12.92 Bulletin 92/49 

@) Designated Contracting States : 
DE FR GB IT 

(7j) Applicant : CANON KABUSHIKI KAISHA 
30-2, 3-chome, Shimomaruko, Ohta-ku 
Tokyo (JP) 



(72) Inventor : Goseki, Yasuhide, c/o Canon 
Kabushiki Kaisha 
3-30-2 Shimomaruko 
Ohta-ku, Tokyo (JP) 

Inventor : Unno, Akira, c/o Canon Kabushiki 
Kaisha 

3-30-2 Shimomaruko 

Ohta-ku, Tokyo (JP) 

Inventor : Fujishima, Kenji, c/o Canon 

Kabushiki Kaisha 

3-30-2 Shimomaruko 

Ohta-ku, Tokyo (JP) 

.&? 

(74) Representative : Beresford, Keith Denis Lewis 
etal 

BERESFORD & Co. 2-5 Warwick Court High 
Holborn 

London WC1R 5DJ (GB) 



(54) Developing apparatus and developer carrying member therefor. 



(57) A developing apparatus for developing an 
electrostatic latent image includes a movable 
developer carrying member for carrying a one 
component developer to a developing zone in 
which the developer is supplied to an electro- 
static latent image bearing member ; a regulat- 
ing member for regulating a thickness of a layer 
of the developer to be carried to the developing 
zone on the developer carrying to the wherein 
the developer carrying member includes a coat- 
ing layer comprising a resin arterial in which 
fine graphite particles are disposed, and whe- 
rein this coating layer triboelectrically charges 
the developer, and the triboelectric charging 
capacity of this coating layer is larger in the 
middle region of the developer carrying mem- 
ber than in the end regions in its longitudinal 
direction. 
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FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a developing apparatus for developing an electrostatic latent image formed 
on an image bearing member and a developer carrying member for carrying the developer to a developing zone, 
5 used with the developing apparatus. 

In a developing apparatus for developing an electrostatic latent image formed on an image bearing member 
in the form of an electrophotographic photosensitive drum, for example, with magnetic toner particle of one com- 
ponent developer, friction between a developer carrying member in the form of a developing sleeve and mag- 
netic toner particles is used to electrically charge the magnetic toner particles to a polarity opposite from that 
w of the electrostatic image charge on the photosensitive drum and that of the reference potential of the devel- 
opment. The magnetic toner particles are applied on the developing sleeve as a thin layer and are conveyed 
to a developing zone where the developing sleeve is faced to the photosensitive drum. In the developing zone, 
the magnetic toner particles are transferred onto the electrostatic latent image on the photosensitive drum sur- 
face, and are deposited thereon, thus visualizing the electrostatic latent image into a toner image. Such a de- 
15 veloping apparatus is known. 

If, in such a developing apparatus, images having a large while background area are continuously devel- 
oped, and thereafter, a different pattern is developed, the image formed may have hysteresis of the previous 
image. This is called "ghost development". The reason for the occurrence of the ghost image is as follows. 
If the white background continues, the toner on the sleeve is not consumed, and therefore, a layer of very 
20 fine toner particles overcharged are electrostatically attracted on the surface of the sleeve with strong force. 
The fine particle toner layer is not easily transferred onto the photosensitive drum, and also prevents the tri bo- 
electric charging between the sleeve and fresh toner particles supplied thereto. Accordingly, if the images hav- 
ing large while background areas are continuously formed, and thereafter, a black image is formed, the image 
density of the black image is low. This is the reason why the ghost development occurs. 
25 A developing apparatus, in which the occurrence of the ghost development is prevented, is proposed in 

U.S. Patent No. 4,989,044, in which the sleeve is provided with an outer coating layer having fine graphite par- 
ticles dispersed in a resin material. The fine graphite particles are effective to discharge the electric charge of 
the overcharged fine toner particles. In addition, it exhibits a high solid state lubricance, and therefore, is ef- 
fective to weaken the attraction of the fine toner particles to the sleeve. This prevents production of the above- 
30 described fine toner particle layer, thus suppressing occurrence of the ghost development. 

However, in such an apparatus, a problem other than the ghost development or phenomenon has arisen. 
In other words, a slight difference occurred in image density between the central and end regions in the 
longitudinal direction of the sleeve. A measurement of the amount of the electric charge of the toner layer on 
the sleeve has revealed the difference in the amount of the toner charge between the end and central regions 
35 in the longitudinal direction of the sleeve. 

The causes for this phenomenon can be estimated as being that the flowing speed of the toner becomes 
slower in the end regions of the sleeve than in the middle, because of the resistance from the side wall of the 
container, and as a result, the contact time between the toner and the sleeve in the end regions of the sleeve 
becomes longer than in the middle, thereby causing the triboelectric toner charge to be larger at the peripheries 
40 than in the middle. 

Anyway, since the overcharged toner is attracted to the sleeve by the strong electrostatic mirror force, it 
becomes difficult to be transferred onto the photosensitive drum. Also, it becomes difficult for the fresh toner, 
which will be delivered onto such a toner layer as the above, to obtain the necessary triboelectric charge for 
the development. 

45 With the formation of the thus formed overcharged toner layer, the toner layer at the sleeve peripheries 

becomes excessively thick, which sometimes generates black spots at the peripheries of the developed image. 

SUMMARY OF THE INVENTION 

so One of the objects of the present invention is to provide a development apparatus and a developer carrying 

member therefor, which can prevent the occurrence of the ghost phenomenon which is likely to occur in a low 
humidity environment where it is easy for the toner to be triboelectricatly charged, and can form thereby a de- 
veloped image with excellent quality not only in the middle of the picture but also at the peripheries. 

An other object of the present invention is to provide a development apparatus and a developer carrying 

55 member therefor, which can form a developed image of excellent image quality whether in low humidity or high 
humidity. 

According to an aspect of the present invention, there is provided a developing apparatus for developing 
an electrostatic latent image, comprising: a movable developer carrying member for carrying one component 
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developer to a developing zone in which the developer is supplied to an electrostatic latent image bearing mem- 
ber; a regulating member for regulating the thickness of the layer of the developer to be carried to the developing 
zone on said developer carrying member; wherein said developer carrying member comprises a coating layer 
comprising a resin material in which fine graphite particles are dispersed. 

5 This coating layer triboelectrically charges the developer, and its triboelectric charging capacity is larger 

in the middle region of the developer carrying member than in the end region in the longitudinal direction. 

The inclusion of the fine graphite articles in the coating layer of the developer carrying member permits 
escape of the electric charge of the overcharged fine toner particles. The solid state lubricance of the fine graph- 
ite particles mechanically eases the deposition force of the fine toner particles to the developer carrying mem- 

10 ber. In this manner, the occurrence of the ghost development or phenomenon is suppressed. 

In addition, since the triboelectric charge capacity of the above-mentioned coating layer is larger in the mid- 
dle region than in the end region in the longitudinal direction of the developer carrying member, excessive tri- 
boelectric charge of the developer at the periphery can be prevented. Therefore, it is possible to form a devel- 
oped image with uniform quality both at the peripheries and in the middle. 

15 The rest of the objectives and characteristics of the present invention will become evident from the following 

explanation. 

These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in con- 
junction with the accompanying drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of an embodiment of the present invention. 

Figure 2 is a graph representing the work function curve measured at the surface of the development sleeve 
25 of the development device in Figure 1. 

Figure 3 is an explanatory view showing the surface of the development sleeve coated with coat forming 
resin liquid in Embodiments 1 - 6 of the present invention. 

Figure 4 is a perspective view of the polishing device, in accordance with the present invention, which is 
used to polish the development sleeve surface. 
30 Figure 5 is a sectional view of the development sleeve surface conditions before and after the polishing 

process using the device in Figure 4. 

Figure 6 is a plan view showing schematically the* polishing device to be used in Embodiments 7 - 18 of 
the present invention. 

Figure 7 is an explanatory view of the development sleeve surfaces after the polishing processes in Em- 
35 bodiments 7 - 12 of the present invention. 

Figure 8 is an explanatory view of the development sleeve surfaces after the polishing process in Embodi- 
ments 13-18 of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

; Referring to Figure 1 , there is shown a developing apparatus according to an embodiment of the present 
invention, which comprises an image bearing member in the form of an electrophotographic photosensitive 
drum 1 rotatable in a direction indicated by arrow A and is capable of bearing an electrostatic latent image. 
The photosensitive drum 1 may have a surface insulative layer. The photosensitive drum 1 may be replaced 

45 with a photosensitive sheet or belt. 

The photosensitive drum 1 is uniformly charged to a negative polarity by an unshown developing device, 
and is exposed to a laser beam modulated in accordance with an image information signal, so that a negative 
electrostatic latent image is formed. In place of the laser beam, the image information beam may be projected 
to the surface of the photosensitive drum 1 by an LED array or the like. 

so The electrostatic latent image is reverse-developed in a developing zone 7 by a developing apparatus D 

with a magnetic toner triboelectrically charged to a negative polarity. 

The developing apparatus D comprises an image bearing member in the form of a developing sleeve 2 in 
an opening of a developer container 4 containing a one component developer, that is, magnetic toner 5. The 
developing sleeve 2 is faced to the photosensitive drum 1 . 

55 The developing sleeve 2 carries the toner 5 in the container 4 and rotates in a direction B. By doing so, 

the sleeve 2 carries the toner to the developing zone where the sleeve 2 is faced to the photosensitive drum 
1 . A plurality of magnetic poles of a permanent magnet 3 are stationarily disposed in the sleeve 2. At a position 
across the sleeve 2 from magnet N1 of the magnetic poles, a developer layer thickness regulating member in 
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the form of the doctor blade 6 made of magnetic material is disposed with a predetermined gap from the the 
developing sleeve 2 so as to regulate the toner layer on the developing sleeve 2 at a predetermined thickness. 
The magnetic field extending from a magnetic pole N1 is concentrated on the blade 6. In this embodiment, the 
gap between the doctor blade 6 and the developing sleeve 2 is approximately 50 - 500 microns. 
5 In operation, when the developing sleeve 2 rotates in direction B, the the toner 5 in developer container 4 

is electrically charged to a polarity for developing the electrostatic latent image by friction with the surface of 
the developing sleeve 2, and is carried on the the developing sleeve 2 surface. The layer of the toner 5 thus 
applied on the the developing sleeve 2 surface is regulated by the magnetic field between magnetic pole N1 
of magnet 3 and the doctor blade 6 at a uniform and thin toner layer having a thickness of approximately 30 - 

10 300 microns. With the the developing sleeve 2 rotation, the toner 5 in the form of thin layer 5' is carried into 
the the developing zone 7, where the toner is supplied to the surface of the photosensitive drum 1 to develop 
the electrostatic latent image thereon. More particularly, the toner is deposited to the light potential region of 
the latent image. The thickness of toner layer 5' is smaller than the minimum gap between the photosensitive 
drum 1 and the developing sleeve 2 in the developing zone 7 (50 - 500 microns, for example), and the devel- 

15 oping action is what is called a non-contact type developing action. 

the developing sleeve 2 is supplied with an oscillating bias voltage in the form of a DC biased AC voltage 
from the voltage source 8. By doing so, an oscillating electric field promotes removal of the toner from the sleeve 
2 toward the drum 1, and therefore, a high density image without a foggy background can be produced. 

I n this embodiment, the developing sleeve 2 is provided with the surface coating layer 1 0 of a resin material 

20 containing at least crystalline graphite as conductive fine particles, the layer having a thickness of approximately, 
0. 5 - 30 microns. A base member of the developing sleeve 2 on which the coating layer 10 is applied is in the 
form of cylinder 9 of aluminum, stainless steel, or the like. 

As for the fine conductive particles, fine crystalline graphite particles or a mixture of fine amorphous carbon 
particles and crystalline graphite fine particles, are usable. The crystalline graphite usable in this embodiment 

25 may be classified into natural graphite and artificial graphite. The artificial graphite may be produced by solidi- 
fying pitch cokes with tar, sintering it at approximately 1200 °C, putting it in a graphitizing furnace to heat it at 
2300°C approximately to develop the carbon crystal into graphite. The natural graphite has been produced by 
long term ground heat and pressure application into a complete graphitization. 

The carbon graphite is a dark gray or black glossy and very soft crystal of carbon showing a high sliding 

30 property. The crystalline structure thereof is hexagonal or rhombohedral and is completely laminated. As for 
its electrical nature, there are free electrons in the combination between carbons, so that it is good electrical 
conductive material. In this embodiment, either of the natural or artificial graphite is usable. The preferable aver- 
age particle size of the graphite is 0.5 - 20 microns. 

"As for thetine carbon particles, conductive amorphous carbon is usable. The conductive amorphous carbon 

35 is generally defined as an aggregate of crystals produced by burning or pyrolytically decomposing a compound 
including hydrocarbon or carbon under poor supply of air. The average particle size of the electrically conductive 
amorphous carbon used in this embodiment is preferably 10-80 mu., and further preferably 15-40 mu. 

The usable binder resins in which the fine conductive particles are dispersed include, for example, ther- 
moplastic resins such as styrene resin, vinyl resins, polyether sulfone resins, polycarbonate resins, polyphe- 

40 nylene oxide resins, polyamide resins, fluorine resins, cellulose resins, acrylic resins or the like, and thermo- 
setting or photo-curing resins such as epoxy resins, polyester resins, alkyd resins, phenol resins, melamine 
resins, polyurethane resins, urea resins, silicone resins, polyimide resins, or the like. Among them, silicone res- 
in, fluorine resin or the like having a parting property, and polyether sulfone resin, polycarbonate resin, poly- 
phenylene oxide resin, polyamide resin, phenol resin, polyester resin, polyurethane resin, styrene resin or the 

45 like having high mechanical strength, are desirable. 

The one component developer (toner) usable with the present invention will be described. 
As for the binder resins, known resins are usable. Examples of them include styrene resins and derivatives 
such as styrene, ot-methylstyrene, p-chlorostyrene; monocarbonic acid and derivatives having a double bond 
such as acrylic acid, methyl acrylate, ethyl acrylate, butyl acrylate, dodecyl acrylate, octyl acrylate, phenyl ac- 

50 rylate, methacrylic acid, methyl methacrylate, ethyl methacrylate, butyl methacrylate, octyl methacrylate, ac- 
rylonitrile, methacrylonitrile, diethylaminoethyl methacrylate, diethylaminoethyl, acryloamide; dicarbonic acid 
and derivatives having a double bond such as maleic acid, butyl maleate, methyl maleate, dimethyl maleate; 
a polymer or copolymer of one or more of vinyl monomers such as vinyl resins such as vinyl chloride, vinyl 
acetate, vinyl benzoate, vinylester resin; vinylether resins, such as vinyl ethyl ether, vinyl methyl ether, vinyl 

55 isobutyl ether or the like; styrene- butadiene copolymer, silicone resin, polyester resin, polyurethane resin, poly- 
amide resin, epoxy resin, polyvinyl butyral resin, rosin, modified rosin, terpene resin, phenol* resin, aliphatic or 
alicyclic hydrocarbon resin, aromatic petroleum resin, fluorinated paraffin or the like. They may be used solely 
or may be used in combination. 
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The toner may contain pigment, which includes carbon black, nigrosin dye, lamp black, Sudan black SM, 
fast yellow G, benzidine yellow, pigment yellow, Indofast orange, irgazine red, baranitroanyline red^roluidine 
resin, carmine FB, permanent bordeaux FRR, pigment orange R, lithol red 2G, lake red C, rhodamine FB, rho- 
damine B lake, methyl violet B lake, phthalocyanine blue, pigment blue, brilliant green B, phthalocyanine green, 
5 oil yellow GG, zapon fast yellow CGG, Kayaset Y 963, Kayaset YG, Sumiplast Yellow GG, Zapon Fast Orange 
RR, Oil Scarlet, Sumiplast Orange G, Orazole Brown B, Zapon Fast Scarlet CG, Izenspiron Red BEH, Oil Pink 
OP or the like. 

In order for the toner to be given a magnetic property, magnetic particles are contained in toner. Examples 
of the magnetic particles include ferromagnetic metal powder such as iron, cobalt, nickel or the like powder 

10 and metal alloys or compounds such as magnetite, hematite, ferrite or the like. The content of the magnetic 
particles is 15 - 70 % approximately by weight on the basis of toner weight. 

The toner powder may contain various parting materials. The usable parting materials include polyethylene 
fluoride, fluorine resin, fluorine carbonized oil, silicone oil, low molecular weight polyethylene, low molecular 
weight polypropylene and the like. In order to promote the positive or negative charging of the toner, a charge 

15 controlling agent may be added. These materials, including the tone binder resin materials, are mixed, kneaded 
and pulverized through various processes, and the particles having the desirable particle sizes are used as 
the toner. To the thus obtained toner powder, colloidal silica or the like is added and stirred. Then, it is usable 
as the toner. 

Since the sleeve 2 is coated with the resin layer 10 containing the fine graphite particles in the dispersed 
20 state, a part of the electric charge of the fine toner particles overcharged is escaped through the graphite par- 
ticles. In addition, the lubricating nature of the graphite fine particles exposed to the surface of the layer 10 is 
effective to reduce the deposition force between the fine toner particles and the surface of the sleeve. Therefore, 
the production of the ghost can be prevented. 

Where the fine amorphous carbon particles are dispersed in the layer 10, they are contributable to permit 
25 a part of the electric charge of the fine particle toner overcharged to escape. 

Now then, as was stated above, the toner is triboelectrically charged more in the end regions than in the 
middle in the longitudinal direction. Therefore, in the following embodiments, in order to increase the triboelec- 
tric toner charging capacity in the middle region of the sleeve than in the end regions, the content ratio of the 
electrically conductive particles in the coating layer 10 is varied between the middle region and the end region 
30 of the sleeve 2, or the polishing process of the coating layer 10 is varied between the middle region and the 
end region of the sleeve 2. 

In this manner, the triboelectric toner charging capacity is made smaller in the end region of the sleeve 
than in the middle of sleeve, whereby it becomes possible to give the toner on the sleeve a virtually uniform 
triboelectric charge in the longitudinal direction of the sleeve. 
35 On the other and, there is another problem that the development image involves a low image density portion 

extending in a direction in which the development action proceeds. In the case of character images, the char- 
acters are thinned, and in the case of a halftone image or solid black image, the image density is low. 

This is called in this Specification "fading". Observing the sleeve when the fading phenomenon occurs has 
revealed that the toner layer is formed in a uniform thickness on the sleeve. However, measurement of the tri- 
40 boelectric charge amount of the toner on the sleeve has revealed that the charge amount of the toner in the 
low density region in the image is lower than the normal level. 

The reason for the occurrence of the local low charge amount portion is not clear, but it is thought that the 
fluidability of the toner is locally insufficient in the toner stagnating region in the developing container adjacent 
to the sleeve. 

45 In any event, the low charge toner particles pass by the friction with the sleeve through a developer layer 

thickness regulating zone in a thickness equivalent to the normally charged toner particle layer. Therefore, the 
thickness of the toner layer is uniform on the sleeve. 

The fading phenomena tends to occur under high temperature and high humidity conditions in which the 
triboelectric charge of the toner tends to be low. 

so According to the preferable aspect of the present invention, inclination (y) of the work function measurement 

curve of the coating surface layer is not less than 10 (cps/eV). The inclination y corresponds to the quantum 
efficiency, and therefore, to the triboelectric charge application power to the developer. If the inclination y is 
not less than 10 (cps/eV), the developer can be provided with sufficient triboelectric charge. 

On the other hand, the inclination y also corresponds to the exposure ratio of the graphite fine particles in 

55 the coating layer, and therefore, to the degree of the solid lubricance of the coating layer surface. If the inclin- 
ation y is not less than 1 0 (cps/eV), the developer particles can fairly easily slide on the surface of the developer 
carrying member. Therefore, the developer having the low electric charge is unable to pass under the developer 
layer regulation member. Therefore, the developer properly charged through triboelectricity are electrostatically 
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deposited on the developer carrying member by the mirror force, so that it can pass under the regulating mem- 
ber. 

As a result, a uniform developer layer composed of properly triboelectrically charged developer particles 
is formed on the developer carrying member, and therefore, fading can be prevented even under high temper- 
5 ature and high humidity conditions. 

Furthermore, the image density of the developed image can be stabilized even when a large member of 
images are continuously printed. 

In any case, the surface friction of the development sleeve is reduced, that is, its slipperiness is increased, 
in the middle region of the sleeve in its longitudinal direction, whereby the friction on the sleeve surface becomes 
w insufficient for the weakly charged toner, in other words, the toner with poor adhesive force to the sleeve, so 
as to pass the concentrated magnetic field (magnetic curtain) between the blade 6 and magnet 3, letting pass 
only the normally charged toner with proper amount of electrostatic adhesive force to the sleeve. 

Incidentally, in the specification of the present invention, the work function defining inclination y is defined 
as the minimum energy required for taking one electron out of the surface of a material to a position immediately 
15 outside the surface. The work function may be measured by a photoelectron measurement device, for example, 
AC-1 available from Riken Keiki Kabushiki Kaisha, Japan. The device AC-1 is characterized in that the work 
function of the surface of the developing sleeve 2 is easily determined in the atmosphere. It has been confirmed 
by the inventor that the work functions measured by the device AC-1 is equivalent to the values determined 
by the Kelvin method (contact potential method, IBM, J. RES. DEVELOP 22, 1978). 
20 Figure 2 shows the work function measurement curve obtained by the measurement using the device AC- 

1. In the graph of Figure 2, the abscissa represents excitation energy (eV), and the ordinate represents the 
number of photoelectrons (yield) (cps, that is, the count per second). Generally, the number of emitted photo- 
electrons 'abruptly increases at a certain level, and therefore, the inclination steeply increases. This point is 
defined as the level of the work function Wf. The degree of photoelectron emission thereafter (right side of the 
25 Wf point) is defined by the inclination y of rectilinear line 1_ approximating the measured curve. 

Incidentally, a sodium lamp was used as the measurement light source during the measurement, and its 
luminance intensity was 500 mW. 

Below, the embodiments of the present invention will be further explained. 

The magnetic toner materials used as the one compound developer in these embodiments are as follows. 
30 The material of the toner used is as follows: 



Styrene-butylacrylate-n-butylhalf ester- 



35 


maleate copolymer 


100 


wt 


•parts 




Magnetite 


55 


wt 


. parts 




Negative charge controlling agent 


3 


wt 


. parts 


40 


Low-molecular weight polypropylene 


3 


wt 


• parts 



The above mentioned materials were kneaded, pulverized and classified to produce a toner powder having 
a weight average particle size of 12.2 microns, containing 23 % of 6.35 microns or less particles on the basis 
45 of number and 1.7 % of 20.2 microns or larger toner particles on the basis of weight, and then, used as the 
magnetic toner. 

In order to evaluate the image forming operation, a commercially available laser beam printer LBP-SX 
(available from Canon Kabushiki Kaisha, Japan) was modified to attach to it an output device capable of pro- 
viding plural kinds of image patterns. A commercially available process cartridge for the LBP-SX was used as 
so the process cartridge, which supports a photosensitive drum, triboelectric charging device, developing device, 
and cleaner, integrally within its frame. Flanges were installed at the ends of the following developing sleeves 
so that they can be mounted in the above mentioned cartridge. The test operations of image formation were 
carried out under 15°C and 10 % RH and under 32 °C and 85 % RH. 

In the case of the developing sleeve of Embodiment 1 , the composition of the coating layer resin liquid used 
55 to form the surface coating resin layer 10 and the mixing formula of its diluting solvent were varied between 
the middle region and the end regions of the sleeve in the longitudinal direction of the sleeve in order to control 
the triboelectric toner charging capacity. As for coat forming resin liquids, the following two types of formulas 
A and B were used. 
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(coating layer forming resin liquid A) 

Phenol resin (binder resin) 60 wt. parts 

Graphite 27 wt. parts 

Carbon black ( amorphous carbon) 3 wt, parts 
Isopropanol + butanol (1:1) 

solvent mixture 400 wt- parts 

(coating layer forming resin liquid B) 

Phenol resin 60 wt . parts 

Graphite 54 wt. parts 

Carbon black 6 wt. parts 
Methyl ether ketone + toluene 

(1:1) solvent mixture 400 wt. parts 



The materials for the above mentioned coating layer forming resin liquids A and B were dispersed to satisfy 
a predetermined condition using a sand mill. These coating layer forming resin liquids A and B were coated on 

30 aluminum cylinders (to be mounted on LBP-SX cartridge) using a spray gun. The coating of the sleeve of Em- 
bodiment 1 was carried out as shown in Figure 3. 

In other words, the sleeve 2 was masked in the middle region in the longitudinal direction of the sleeve, 
and then, end regions V and W (approximately 20 mm long in the longitudinal direction of the sleeve) in the 
longitudinal direction of the sleeve 2 were coated with the spray of resin liquid A. Next, end regions V and W 

35 were masked and resin liquid B was sprayed on the middle region Y. After both liquids were coated using a 
spray gun, the cylinders were left in a thermostatic tub at 160°C for 20 minutes to thermally cure the phenol 
resin in coat layer forming resin liquids A and B. With the use of the above procedure, coating layer forming 
resin liquid A was formed into a 10 ^m thick resin coating layer 10 covering middle region U in the longitudinal 
direction of the sleeve, and end regions V and W were coated with coating layer forming resin liquid B to a 

40 thickness of 10 |im, thereby producing the developing sleeve of Embodiment 1, in which the graphite content 
is higher in the middle region U than in end regions V and W. 

On the other hand, in the case of the developing sleeve of Comparative Example 1, coating forming resin 
liquid A was coated on regions, U, V and W, thermally cured for 20 minutes in the same condition of 160 °C, 
and thereby forming into a 10 \xrr\ thick resin coating layer 10 covering all three regions. As for the developing 

45 sleeve of Comparative Example 2, coat forming resin liquid A was coated on regions U, V and W in the same 
manner and thermally cured in the same manner at 160 °C for 20 minutes, in other words, resin liquid B was 
used solely to form the entire resin coating layer 10 to a thickness of 10 \xm. 

These developing sleeves were subjected to the development process as was stated above, whereby im- 
ages were formed to be evaluated by an image formation test. Also, inclination y (cps/eV) was measured at 

so middle region U and end regions V and W of the developing sleeve. The obtained results are shown in Table 
1. 
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Comparative 
Example 1 

Comparative 



In Table 1 , the image density column indicates the image density dispersion when a large number of copies 
55 were continuously made, in other words, the values of solid black section (5 mm square) were measured by a 
MacBeth reflection densitometer. As for the evaluation of charge-up and fading, © indicates excellent, O good, 
and A indicates fair in practical usage level. Incidentally, these symbols are going to be used in the same manner 
in the following Tables 2-4. Also, the □ symbol, which appears for the first time in Table 2, indicates that the 
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image develops but its density is too low for practical usage, and the X symbol , which appears first time in Table 
3, indicates that the image is too inferior to be acceptable. 

As shown in Table 1 , in the case of Embodiment 1, inclination y of the work function measurement curve 
of the developing sleeve surface is as low as 6.5 - 7 at both end regions of the sleeve (left V\ and right W), in 

5 other words, below 1 0, and is 25 at middle region U, that is, higher than 1 0. Since the triboelectric tone charging 
capacity is low at the both end regions and higher in the middle region, the toner was not excessively charged 
up and the image density was high at 1.2 - 1.4, in the low humidity environment of 15 °C and 10 %RH. Also, 
in the high humidity environment of 32°C and 85 %RH, the images were excellent without any fading, and the 
image density was high at 1.1 - 1.3. Excellent results were obtained in all categories. 

w In contrast to this, in Comparative Example 2, since inclination y of the work function measurement curve 

of the developing sleeve was rendered low at 7.0 - 7.5 at both the middle region and the end regions, the fading 
column shows slightly inferior results, and low values of 0.8 - 1.1 appeared in the image density category. In 
Comparative Example 2, since inclination y of the work function measurement curve of the developing sleeve 
was rendered high at 23 - 26, in other words, higher than 10, at both the middle region and the end regions of 

15 the sleeve, and it resulted in that the charge-up category was slightly inferior and the image density took the 
values of 0.8 - 1.3, which was rather low, in the low humidity environment of 15°C and 10 %RH. 

Based on the above observations, it becomes evident that in order to produce uniform picture images 
through a development procedure, that is, in order to pre vent the occurrence of fading, in particularly, the fading 
in the high temperature - high humidity environment, and the occurrence of the sleeve ghost, in particular, the 

20 sleeve ghost which is caused by the excessively charged toner in the low humidity environment, it is only nec- 
essary that the triboelectric toner charging capacity of the developing sleeve be reduced at the both sleeve 
ends (the work function measurement curve of the developing sleeve surface is made smaller than 1 0, prefer- 
ably less than 11, in terms of inclination y) and is increased in the middle of the sleeve (more than 10, preferably 
larger than 20, in terms of the above mentioned inclination y). 

25 Incidentally, in Figure 3, 41 and 42 are the left and right side walls of container 4 containing the toner 5, 

and the sleeve 2 is rotatively supported by these side walls 41 and 42. The sleeve 2 is rotated by the driving 
force transmitted through gear 21 which is attached to the sleeve 2. 

In addition to the above mentioned coat forming resin liquid A, coat forming resin liquids C, D, E and F, 
which employ the formulas shown below, were prepared. These coat forming resin liquids, A, C - F were coated, 

30 as needed, on middle region U and both end sections V and W of the sleeve 2 in Figure 3, in the various patterns 
and combinations shown in Table 2, whereby he developing sleeves on which resin coating layers 1 0 containing 
graphite were formed as Embodiments 2-6. However, end regions V and W were made to be 15 mm long, 
respectively. Then, images were formed in the same manner as Embodiment 1 and subjected to the same eval- 
uation test. 
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w 



15 



20 



(coating layer resin liquid E) 



Phenol resin 
Graphite 
Carbon black 
Methyl alcohol 



+ methyl eel lusolve 



(coating layer resin liquid F) 



Phenol resin 
Graphite 
Carbon black 

Isopropanol + methylcel lusolve 



60 wt. parts 
23 vrt. parts 
2 wt, parts 
200 wt, parts 



60 wt- parts 
54 wt. parts 
6 wt. parts 
200 wt. parts 



The results of image formation evaluation test and the measured results of inclination y of the work function 
measurement curve are shown in Table 2. The meanings of the symbols in Table 2 are the same as were stated 
25 before. 
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As is shown in Table 2, in the case of Embodiments 2-6, inclination y of the work function measurement 
curve of the developing sleeve surface was made to be lower at both sleeve end regions of (left V and right 
W) at 6.5 - 10.5 (the graphite content ratio is small), and higher at the middle region U at 23 - 31 (the graphite 
content ratio is large), in other words, the triboelectric toner charging capacity was caused to be low at the both 
5 end regions and high in the middle region, and therefore, excellent results were obtained, as was in the case 
of Embodiment 1, both in the categories of excessive toner charge and image density in the low humidity en- 
vironment of 15 °C and 10 % RH, and in the categories of image fading and image density in the high humidity 
environment of 32°C and 85 % RH. 

In contrast to this, in Comparison Examples 3-5, inclination y of the work function measurement curve of 
w the developing sleeve surface was sometimes high at more than 10, or conversely, lower than 10, and so on, 
both in middle and the end regions of the sleeve, and therefore, slightly inferior results were obtained in at least 
one of the categories of toner charge-up and image density in the low humidity environment of 15°C and 10 % 
RH, or fading and image density in the high humidity environment of 32°C and 85 %. 

In addition, in the case of the developing sleeves in the above mentioned Embodiments 1-6, it was feared 
15 that the border line between both end regions V and W and the middle region U of the resin coating layer surface 
might affect the developed image, but even precise observations of the images did not reveal the appearance 
of such effects in the image. 

Now then, in the above Embodiments, the composition of the resin coating layer 10 on the surface of the 
developing sleeve 2 was varied between the sleeve end regions and the middle in order to set the triboelectric 
20 tone charging capacity to be low at the sleeve end regions and high in the middle, but it is also possible to ar- 
range the same triboelectric tone charging capacity as the above by performing a polishing process on the sur- 
face of the developing sleeve 2 after the formation of the resin coating layer 10. In this case, all that is needed 
is to coat the identical resin liquid on the above mentioned regions U, V and W. In any case, since the adjustment 
of the amount of graphite exposed at the coating layer surface is possible by adjusting the degree of polishing 
25 on the coating layer, the triboelectric toner charging capacity can be adjusted by controlling the sliding property 
of the surface. 

As for the above mentioned polishing process, the resin layer impregnated with fine graphite particles is 
preferably polished using polishing materials such as felt, woven fabric or paper, which do not contain abrasive 
particles, after the above liquids are coated on the sleeve member and dried. 

30 Below, an example of the polishing process is shown. 

The polishing material used for the polishing is HW felt available from Hayashi Felt Kabushiki Kaisha, Ja- 
pan, which is 100 % wool having a standard density of 0.34 g/cm 2 . It has a width of 40 mm, a length of 200 
mm and a thickness of 3 mm. 

Figure 4 shows a surface polishing apparatus capable of easily exposing the crystalline graphite contained 

35 in the coating layer 10 of the developing sleeve 2. As shown in this figure, the developing sleeve 2 is placed 
vertically, and is fixed by main shaft 12 at the top and bottom ends, and is rotated by main shaft 12, which is 
driven by an unshown driving device. Around the developing sleeve 2, a polishing felt 13 in the form of a strand 
fixed on a holder 14 is extended, and is pulled in direction a. The tension load at this time is measured by a 
load detector 15 directly connected to the holder 14. The load detector 15 is mounted on a carriage 16b movable 

40 together with the felt 13 in the longitudinal direction of the developing sleeve 2. 

The developing sleeve fixed to a shaft 12 at the longitudinal ends thereof is rotated at a predetermined 
speed. At the initial stage, the felt should not be allowed to contact the freshly formed the resin coating layer 
10 of the the developing sleeve 2, and therefore, the felt 13 is placed either at the top or bottom end of the the 
developing sleeve 2. Felt 13 is pulled with a predetermined load using the load detector 15 through the holder 

45 14 affixed to the felt 13, and a carriage 16 is moved up or down relative to the developing sleeve 2 at a prede- 
termined speed. By doing so, the surface of the developing sleeve 2 is polished by the felt 13 press-contacted 
thereto, by which the crystalline graphite contained in the coating layer 10 is exposed. 

Figure 5A is a sectional view of a the developing sleeve 2 surface before the polishing process, and Figure 
5B shows the same after the polishing process. When the felt 3 is press- contacted to the resin coating layer 

so 10 surface comprising the binder resin 18 and the crystalline graphite 19 shown in Figure 5A, the surface portion 
of the coating layer 10 is collapsed by the pressure, and shearing force is applied with the result of shear fracture 
thereof. Then, as shown in Figure 5A, the crystalline of graphite 19 coated with thin film of the binder resin 18 
in the coating layer 10 is exposed, and therefore, the surface of crystals 20 appears. By controlling the pressure 
by the felt 13, the degree of graphite 19 exposure can be controlled. By selecting the width of the felt 13, the 

55 degree of exposure of graphite 19 can be controlled. Binder resin 18 or crystalline graphite 19 (and also the 
conductive amorphous carbon or the like if any) in the coating layer 10 are gradually absorbed by the felt when 
they are removed from the coating layer 10, because the surface of the felt 13 is soft. The removed materials 
do not remain on the surface of the developing sleeve 2, and therefore, the surface of the developing sleeve 
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2 is polished while being cleaned. 

Here, the degree of graphite exposure, that is, the above mentioned inclination y, can be controlled by con- 
trolling the extent of polishing given to the coating layer. The above mentioned amount of polishing can be con- 
trolled by adjusting anyone, or combinations of any two or three, among the factors such as the pressure applied 
on the coating layer by the polishing member (felt), relative speed between the coating layer and the polishing 
member, and duration of the polishing process. The greater the amount of polishing, (for example, the higher 
the above mentioned contact pressure, and/or the higher the relative speed), the larger the degree of the graph- 
ite exposure becomes, thereby increasing the above mentioned inclination y. 

The polishing device in Figure 6 is provided with a feeding shaft 26 and a take-up shaft 27 for the felt web 
13, and the felt 13 is fitted on a sleeve 22, pulleys 22, 23, 24 and 25, as is shown in the figure. The contact 
pressure applied on the sleeve 2 by the felt 13 can be adjusted by displacing the pulleys 24 and 25 in the di- 
rection of arrow c, and take-up angle 0 can be adjusted by displacing pulleys 22 and 23 in the direction of arrow 
d. Members 22 - 27 are mounted on the same sinkable table, which can be moved up and down perpendicularly 
to this page, that is, in the longitudinal direction of the sleeve 2, whereby the sleeve can be polished by the felt 
which slides up and down in the same longitudinal direction, while the sleeve 2 is driven to rotate. It is also 
acceptable to move the sleeve 2 itself in its longitudinal direction, instead of the above mentioned table. 

In any case, the above mentioned amount of polishing can be varied while the above mentioned table or 
the sleeve is being moved, whereby the coating layer is polished so that the triboelectric charge capacity is 
caused to be larger in the middle in the longitudinal direction of the sleeve than at the both end regions. 

Below, Embodiments of polished sleeve are explained in detail. 

Incidentally, the magnetic toners employed in the following embodiments are shown in next table. 



Styrene-butylacrylate-acrylic 

acid copolymer 100 wt. parts 

Magnetite 50 wt. parts 

Negative charge controlling agent 2 wt. parts 

Low-molecular weight polypropylene 4 wt. parts 



The materials are mixed, kneaded, pulverized and classified into toner powder having a weight average 
particle size of 1 1 .3 microns, and containing 28 % of 6.35 microns or less particles on the basis of the number 
and containing 0.7 % of 20.2 microns or larger particles on the basis of light (measured by Coulter Counter TA- 
II). To the toner powder, colloidal silica of 0.6 % was added. This was used as the magnetic toner. 

the developing sleeve 2 in accordance with the present invention was produced in the following manner. 
The materials mixed in the coating layer resin liquid were as follows: 

Phenol resin: 30 parts by weight 
Crystalline graphite (average 

particle size of 8 micron): 41 parts by weight 

Carbon black 4 parts by weight 



The above materials was dispersed in 250 weight parts of the mixed liquid of isopropyl alcohol/butyl alcohol 
(1:1), using a sand mill, to prepare the coating layer resin liquids. This was coated on the aluminum cylinder 
(flanges were attached in advance at the opposite ends), using a spray gun, and then, the liquid was cured 
under the temperature of 150 °C into a resin coating layer having a thickness of 9 microns. 

Next, the surface of the the developing sleeve 2 was polished using the polishing device shown in Figure 
6 while the tension pressure of the felt 1, that is the polishing member, polishing duration (moving speed of the 
felt in the longitudinal direction of the developing sleeve 2), and contact angle of the felt to the developing sleeve 
being adjusted. 

The content angle e of the felt 13 to the developing sleeve 2 was made to be small at the both end regions 
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of the developing sleeve 2 and large in the middle region. Also, the moving speed of the felt 13 in the perpen- 
dicular direction to the page of Figure 6 (longitudinal direction of the developing sleeve 2) was caused to be 
faster at the both end regions and slow in the middle. 

Figure 7 is a schematic diagram to explain the produced developing sleeve. When the developing sleeve 
is polished right to left starting from the right end region W, across middle region U, and to the left end region 
V in the figure, right end region W is the region where the contact angle of the felt 13 to the sleeve charges 
from a small one to a large one and the shifting speed of the felt 13 changes from a large one to a small one, 
whereas the left end region V is the region where the contact angle of the felt 13 to the sleeve and the shifting 
speed change in reverse. The middle region U is the region where the contact angle is largest and remains 
constant and the shifting speed also remains constant. 

Points f, g, h, m, i and j indicated by the arrows in Figure 7 are the points for visual examination. In this 
Embodiment, visual examination point f shows a position within less than 5 mm from the left end of the resin 
coat layer formation region in Figure 7, g within 20 mm from the same place, h approximately the middle, and 
i and j show the positions symmetrical to g and f, respectively. The width of the regions where the triboelectric 
toner charge was measured were 30 mm at both end regions V and W of the developing sleeve and 30 mm in 
the middle region U, with h as its center. 

As the surface conditions of the developing sleeve were visually examined at these points using an FE- 
SEM (Field Emission-Scanning Electron Microscope) or the like, it was clearly shown that point h gave a more 
polished appearance compared to points j and f, which coincided with the condition of the exposure of the graph- 
ite impregnated in the resin coating layer. Points g and i showed a condition in between two. Inclination y 
(cps/eV) of the work function measurement curve of the developing sleeve surface was obtained by measuring 
it at these visual examination points. 

The above mentioned developing sleeves were mounted in the cartridge for the LBP-SX to be subjected 
to the developing process, whereby the image formation test was performed. At the same time, the amount of 
the triboelectric toner charge on the developing sleeve was also measured. The results are shown in Table 3 
along with the results for the comparative examples. 
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In Table 3, the image density column shows the image density dispersion over the entire picture surface 
during the continuous production of 500 copies, and was measured by a MacBeth reflection densitometer The 
column for the amount of the triboelectric toner charge shows the amount of the triboelectric toner charge meas- 
ured by vacuuming the toner remaining coated on the developing sleeve after the production of 100 copies. 
5 The evaluation symbols shows, as was explained before, (o) indicates excellent, O good, A fair but not prob- 
lematic in practical usage, □ fair but below the level for practical usage, and X indicates unacceptable. 

As is shown in Table 3, in Embodiments 7-12, since the developing sleeve surfaces were subjected to 
the polishing process to cause the triboelectric toner charge capacity to be low at the both sleeve end regions 
and high in the middle region, excellent results were obtained in all categories of the image density, toner 
10 charge-up, and amount of triboelectric toner charge after the continuous production of 1 00 copies in the envir- 
onment of 15°C and 10 % RH, and in toner charge, along with image density and image fading, in the envir- 
onment of 32°C and 85 % RH. 

Embodiments 13-18 

15 

The the developing sleeve 2 was produced by the method explained below. The materials formulated in 
the coating forming resin liquid are as follows: 

20 Phenol resin 30 wt- parts 

Crystalline graphite 22,5 wt. parts 

Carbon black 2.5 wt.parts 

25 

The above materials were formed into an approximately 8 mm thick resin coating layer 1 0 on the developing 
sleeve surface in the same manner as in the case of Embodiments 7 - 12, except that 200 parts by weight of 
the mixture of methyl alcohol/methylcellusolve (1:1) were employed. 

Next, as is shown in Figure 8, both sleeve end regions R and S were left unpolished but the inward region 

30 V (left), U (middle) and W (right) were subjected to the same polishing process as that of Embodiments 7-12. 
In Figure 8, the width of far left end section R and far right end section S were made to be 20 mm, respectively. 
Point m for the visual examination of the developing sleeve surface shows a location within 5 mm from the left 
end of the resin coating layer formation region, n within 20 mm from the same place, r approximately middle 
of the above mentioned region Lb, and p and q show the locations symmetrical to n and m, respectively. The 

35 measurement of the triboelectric toner charge and the image evaluation were performed in the same manner 
as was stated before. The results obtained are shown in Table 4, along with the results of comparative exam- 
ples. 
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As is shown in Table 4, in Embodiments 13-18, since the developing sleeve surface was polished to cause 
the triboelectric toner charging capacity to be low at both sleeve end sections and high in the middle, excellent 
results were obtained in all categories of image density, toner charge-up, and amount of triboelectric toner 
charge on the developing sleeve after the continuous production of 1 00 copies in the environment of 1 5°C and 
5 10 % RH, along with image density and image fading in the environment of 32 °C and 85 % RH. 

Though it is not recorded in Table 4, the images obtained in Embodiments 13-18 exhibited no abnormal- 
ities, such as abnormal density variation at the border line with the polished region, in the picture area corre- 
sponding to the unpolished regions of the developing sleeve. 

These results also verify that inclination y is preferred to be more than 10, or more preferably, more than 
10 20, in the middle region of the sleeve, and inclination y is preferred to be less than 10, more preferably less 
than 1 1, at both sleeve end regions. 

In addition, the above mentioned polishing process may be performed on the coating layer formed of the 
above mentioned resin liquids A - F or the coating lager formed of the resin liquids G - H described below. 

15 (Resin coat forming liquid G) 





Phenol resin 


30 


vrt • parts 


20 


Natural graphite 


27 
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Carbon black 
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Methyl alcohol + methylcellusolve 


200 
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25 


(Resin coat forming liquid H) 
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Artificial graphite 
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35 The above Embodiments were explained using the case in which the magnetic toner was employed as a 

single component developer, but the present invention is not limited to these embodiments and can be applied 
to cases in which a single component developer composed of non-magnetic toner is employed. 

While the invention has been described with reference to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to cover such modifications or changes as may come 
. 40 . within the purposes of the improvements or the scope of the following claims. 



Claims 

45 1. A developing apparatus for developing an electrostatic latent image, comprising: 

a movable developer carrying member for carrying a one component developer to a developing 
zone in which the developer is supplied to an electrostatic latent image bearing member; 

a regulating member for regulating a thickness of a lager of the developer to be carried to the de- 
veloping zone on said developer carrying member; 
50 wherein said developer carrying member comprises a coating layer comprising a resin material in 

which fine graphite particles are disposed, and wherein this coating layer triboelectrically charges the de- 
veloper, and the triboelectric charging capacity of this coating layer is larger in the middle region of the 
developer carrying member than in the end regions in its longitudinal direction. 

55 2. A developing apparatus according to Claim 1 , wherein a content ratio of the fine graphite particles is higher 
in said middle region than said end regions. 

3. A developing apparatus according to Claim 1 or 2, wherein said coating layer is polished and the polishing 
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amount is rendered more in said middle region than said end regions. 

4. A developing apparatus according to Claim 1 or 2, wherein the inclination of the work function measure- 
ment curve of said coating layer surface is more than 10 (cps/eV) in said middle region, and less than 10 
(cps/eV) in said end regions. 

5. A developing apparatus according to one of Claims 1 - 4, wherein fine amorphous carbon particles are 
dispersed in said coating layer. 

6. A developing apparatus according to one of Claims 1-4, further comprising a power source for applying 
oscillating bias voltage to the developer carrying member. 

7. A developing apparatus according to Claim 6, wherein the thickness of the developer lager regulated by 
said regulating member is thinner than a minimum gap between the developer carrying member and the 
static latent image carrying member, in the developing zone. 

8. A developing apparatus according to Claim 6, wherein said regulating member faces the developer car- 
rying member, with a gap between them. 

9. A developing apparatus according to Claim 6, further comprising a stationary magnet disposed within the 
20 developer carrying member, wherein said one component developer is magnetic developer, and said reg- 
ulating member is also a magnetic component which faces the magnetic poles of said magnet, with the 
developer carrying member between them, and forms a magnetic field between the two. 

10. A developer carrying member for carrying a one component developer to a developing zone where the 
25 developer is supplied to an electrostatic latent image, comprising: 

a base member; 

an outer coating lager on said base member and comprising a resin material and fine graphite par- 
ticles dispersed therein, wherein the triboelectric developer charging capacity of this outer coating lager 
is larger in the middle region of the developer carrying member in its longitudinal direction than in the end 
30 regions in the longitudinal direction. 

11. A developer carrying member according to Claim 10, wherein the content ratio of the fine graphite particle 
is higher in said middle region than in the end regions. 
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12. A developer carrying member according to claim 10, wherein said coating lager is polished, and the pol- 
ishing amount is more in said middle region than in said end regions. 

13. A developer carrying member according to Claim 10, wherein the inclination of the work function meas- 
urement curve of said coating layer surface is more than 1 0 (cps/eV) in said middle region, and less than 
10 (cps/eV) in said end regions. 

14. A developing carrying member according to one of Claims 10-13, wherein fine amorphous carbon par- 
ticles are dispersed in said coating lager. 

15. A developer carrier for use in the development of an electrostatic latent image which triboelectrically charg- 
45 es the developer and has a greater triboelectric charging capacity in its middle region than in the end re- 
gions. 
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